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SECTION  1 - INTRODUCTION 
1 - 1 CLARINET  VE RD IN u _ANy LmC-6_2 . 

1- 1.1  Verdin  is  a Very  Low  Freiiuency  (VLT)  Fleet  broadcast  system  intt'nded  pri- 
marily for  transmission  to  submerged  submarines.  Four  separate  equipments  make  up 
the  Verdin  System.  Of  these,  only  two  were  operationally  deployed  during  the  FRAP 
study,  the  AN/ART-SO  airborne  transmitter  and  the  AN/WRR-7  shipboard  receiver. 

SECTION  II  - RESULTS. 

2- 1.1  FRAP  SAMPLI  RESULTS.  The  estimated  mean  time  between  operational  failures 

is  150  hours.  The  estimated  mean  time  between  equipment  failures  is  16d  hours.  Ihe 
AN/ART-50  is  considered  to  be  meeting  the  piece-parts  predicted  (MlL-HDH-21 7)  MTHF 
of  Ibd  hours  but  not  the  specified  MTDF  of  750  hours.  Seventy  per  cent  (70;)  of  the 
observed  failures  were  in  the  Frequency  Time  Standard.  Although  the  ART-50  has  att 
estiiiuted  mean  time  between  repair  of  4 hours  and  does  not  meet  the  specified  MIIK 
of  .36  hours,  this  is  not  considered  serious  as  this  includes  other  times  besides 
actual  repair  time  with  most  of  it  being  on  the  ground. 

2-1.2  REPAIR  DEPOT  DATA.  Fifty-seven  percent  (57;)  of  the  significant  problem  areas 
at  the  repair  depot  were  done  to  FTS  modules. 

2-1.3  CORRECTIVE  ACTION.  Ihe  most  cost-effective  corrective  action  to  improve 
the  ART-50  perfoniiance  is  to  provide  a hot  spare  (discussed  in  paragraph  6-1.1  below). 

2 - 2 SHI  PB£AR^  ANy  WRR - 7.  VI.  E RE C n vj:  R . 

2-2.1  FRAP  SAMPLE  RESULTS.  The  estimated  mean  time  between  operational  failures  is 
2432  hours  and  is  improving  as  the  WRR-7  failure  times  follow  Weibull  distribution  with 
B » .416.  The  estimated  mean  time  between  equipment  failures  is  2350  hours  assuming 
an  exponential  distribution.  The  WRR-7  is  considered  to  be  liieeting  its  specified  MIBF 
of  1000  hours.  The  estimated  mean  time  to  repair  and  mean  down  time  are  2.3  and  336 
hours,  respectively.  Although  the  estimate  MTTR  does  not  meet  the  specified  .62  hours, 
the  MDT  of  336  hcu''S  has  a much  greater  effect  on  operational  avai  labi  1 i ty . 

2-2.2  REPAIR  DEPOT  liATA.  The  R-1738/WR  radio  set  is  the  largest  current  problem  area. 

2-2.3  CORRECTIVE  ACTION.  The  most  cost-effective  action  to  improve  the  operational 
availability  of  the  WRR-7  is  to  increase  sparing  levels  to  reduce  the  down-time  since 
only  iiKidest  gains  in  Ao  can  be  achieved  through  the  MIDI  inprovements  that  are  likely 
(See  Figure  5-7.1  and  Table  5-10.2).  However,  effective  fixes  for  the  receiver  power 
supply  P/N  616-1789  and  the  SMO  P/N  792-6701  Wduld  signi ficaiit ly  reduce  the  WRR-7 
CoSt-to-repair. 
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SECTION  III  - SYSTEM  DESCRIPTION 


3 • 1 an/ 62 , CL ARINEJ  VERDI N _SY^T E_M 

3-1.1  FUNCTIONAL  DESCRIPTION.  Clarinet  Verdin,  AN/URC-62,  is  a Fleet  broadcast 
systetn  operating  in  the  VLF  range  (3KHz  - 30KHz).  The  VLF  range  is  noted  for  long 
distance  groundwave  propagation,  relative  intmunity  from  ionospheric  disturbances  and 
sunspots,  and  significant  wave  penetration  into  salt  water.  The  later  effect  allows 
submarines  to  receive  VLF  signals  without  surfacing.  The  VLF  range  has  severe  natural 
interference  from  thunderstorms  and  narrow  bandwidths,  an  effect  which  arises  from 
the  basic  nature  of  tuned  resonant  circuits  and  the  reactive  nature  of  VLF  antennas 
Verdin  provides  multiple  channel  capability,  noise  tolerant  encoaing/decoding  tech- 
niques, and  encryption  capability  through  the  use  of  computerized  message  processing 
and  phase-shift  keying  using  a concept  called  "minimum  shift  keying".  The  AN/URC-62 
system  is  broken  into  transmit  only  and  receive,  only  sections,  each  with  its  own  no- 
menclature. Previous  to  Verdin,  VLF  systems  were  low  speed,  single  channel  systems. 

3-1.2  EQUIPMENT  DESCRIPTION.  The  AN/URC-62  addresses  the  problems  of  the  VLF  band 
with  a family  of  sophisticated  transmitters  and  receivers.  All  members  of  the  Verdin 
family  contain  an  electronic  digital  computer,  called  a "processor",  and  ultra-stable 
Frequency  Time  Standard  (FTS)  units.  A large  number  of  modules  are  connon  throunhout 
the  family  and  a single  depot  level  repair  facility  serves  them  all.  Each  family  member 
has  its  own  nomenclature.  The  two  Verdiii  family  equipments  studied  by  FRAP  are  tne 
AN/ART-50  transmitter  and  the  AN/WRR-7  receiver 

3-2  AN/ART-50  VLF  TRANSMITTER  ‘ 

3-2.1  DESCRIPTION.  The  AN/ART-50  is  the  flying  transmitter  for  the  verdin  system. 

It  consists  of  five  major  sections  (WRA's)  mounted  in  an  equipment  rack.  (See  Figure 
5-3.1)  A typical  installation  is  in  the  cargo  hold  of  a converted  turboprop  cargo 
aircraft.  Rather  than  function  as  a stand-alone  transmitter,  current  installations 
use  the  AN/ART-50  as  an  exciter  for  a power  amplifier  which  drives  an  extendable 
antenna.  The  antenna,  when  deployed,  trails  out  behind  the  aircraft  for  a distance 
of  up  to  five  miles.  A second  antenna  is  played  out  above  the  main  antenna  to  serve 
as  a tuning  stub.  This  smaller  antenna  may  be  up  to  one  mile  in  length.  These 
large  physical  dimensions  are  necessitated  by  the  low  frequencies  used.  While  the 
techniques  used  in  the  power  amplifier  and  antenna  systems  are  revivals  of  those 
used  in  the  earliest  days  of  radio,  the  AN/ART-50  is  the  embodiment  of  the  latest 
developments  in  computerized  signal  processing,  information  theory,  and  encoding 
algorithms.  The  transmitter  is  in  an  area  pressurized  and  air  conditioned  for  the 
benefit  of  the  operating  crew.  In-flight  repair  is  possible  by  module  level  replace- 
ment from  a stock  of  ready  spares.  The  system  is  fully  powered  throughout  the  flight 
and  is  thoroughly  tested  during  a two-hour  preflight  shakedown.  The  majority  of  the 
0-level  maintenance  performed  on  the  system  is  accomplished  by  the  ground  crew. 

3-2.2  FRAP  SAMPLE.  Data  was  taken  from  nine  aircrafts  of  VQ-4  TACAMO  Squadron  based 
at  the  Naval  Air  Training  Center,  Patuxent  River,  Maryland. 

3-3  AN/WRR-7  VLF  RECEIVER 

3-3.1  DESCRIPTION.  The  AN/WRR-7  (See  Figure  L-3.2)  is  the  shipboard  receiver  for  the 
AN/ART-50.  It  consists  of  five  major  assemblies  (WRA's).  Only  the  FTS  is  directly 
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Interchangeable  with  that  used  in  the  transmitter,  but  card  and  module  level  inter- 
changeability with  other  AN/URC-62  equipment  has  been  carried  as  far  as  practical. 

The  AN/WRR-7  can  receive  standard  digital  modulations  such  af.  Frequency  Shift 
Keying  (FSK),  but  is  Intended  primarily  as  an  Minimum  Shift  Keying  (MSK)  receiver. 
When  working  with  MSK,  coherent  detection,  a technique  using  the  FTS's  super  stable 
time  signals,  gives  the  system  enough  noise  tolerance  to  allow  reception  of  encrypted 
(COMSEC)  traffic.  Ihe  system  is  intended  primarily  for  installation  aboard  sub- 
marines using  external  loop  or  floating  wire  antennas.  The  receiver  is  typically 
mounted  in  an  equipment  rack  in  the  radio  room  of  a submarine.  Personnel  work 
in  this  area,  but  radio  rooms  are  typically  crowded  with  equipment  and  ventilation 
is  at  a premium.  Repair  is  by  module  replacement  from  a stock  of  ready  spares. 

Radio  room  personnel  normally  perform  all  0-level  maintenance  on  the  system.  A 
typical  mission  may  be  60  days  in  duration.  FRAP  shows  a duty  cycle  of  0.443. 

3-3.2  FRAP  SAMPLE.  A total  of  14  sample  WRR-7‘s  were  monitored  on  a 3 sample  plat- 
forms, Eleven  sample  equipments  were  in  the  Atlantic  Fleet  aboard  4 submarines 
and  2 tenders  and  3 sample  equipments  were  in  the  Pacific  Fleet  aboard  2 submarines. 


SECTION  IV  - RELIABILITY  MODELS 


4-1  AN/ART-50.  VLF  TRANSMITTER 

4-1.1  MISSION  DESCRIPTION.  As  currently  used,  the  AN/ART-50  is  powered  up  approxi- 
mately two  hours  before  take-off  during  preflight  testing  of  on-board  equipment.  It 
remains  fully  powered  during  the  mission,  typically  ten  hours  in  duration,  and  is 
not  powered  down  until  post  flight  equipment  shutdown.  Although  emergency  bypass 
and  patch-through  operating  modes  are  technically  possible,  flight  crews  advise 
that  such  operation  is  rare.  In-flight  repair  is  accomplished  by  substitution  of 
modules  and  circuit  boards  from  a stock  of  ready  spares.  Although  box  level  (WRA  level) 
substitutions  in  flight  are  possible,  box  level  spares  are  not  carried  on  board  except 
for  the  Frequency/Time  Standard  (FTS),  which  has  proved  to  be  troublesome.  Even  in 
this  case,  box  level  substitution  Is  considered  to  be  a last  resort. 

4-1.2  RELIABILITY  BLOCK  DIAGRAM  (WRA  LEVEL).  Figure  5-4.1  shows  the  five  WRA  sections 
of  the  AN/ART-50  in  a series  arrangement  to  indicate  that  all  five  sections  must  fully 
function  for  a successful  mission.  The  AN/ART-50  modulator  section,  which  performs 
the  same  function  as  a radio  transmitter,  resembles  an  audio  system.  Because  of  the 
low  frequencies  used  by  Verdin  and  the  relatively  low  output  power  of  the  AN/ART-50, 
the  large  stress  level  shifts  that  usually  are  observed  during  transmitter  ON-OFF 
cycling  do  not  occur. 


4-1.3  RELIABILITY  BLOCK  DIAGRAM  (0-LEVEL).  Instead  of  presenting  a diagram  down  to 
the  0-Level  unit,  the  0-Level  units  within  each  WRA  are  listed  in  Figure  5-4.2  along 
with  a reliability  key  (block)  number,  their  failure  rate,  the  number  used,  and  0- 
Level  nomenclature.  All  of  the  0-Level  units  within  the  Power  Supply,  the  Control  Unit, 
and  the  Modulator  (WRA  2,  3,  and  5,  respectively)  are  serially  connected  js  a failure 
of  one  0-Level  unit  would  result  in  a system  failure.  However,  the  processor  (WRA  4) 
a special  purpose  computer,  is  a large  and  multi-mode  assembly.  Normally,  each  operating 
mode  of  this  WRA  would  be  represented  by  a diagram  for  that  mode  only.  However,  as 
several  of  the  modes  were  classified,  all  0-Level  units  of  the  processor  are  considered 
to  be  in  series  in  order  to  eliminate  possible  classification  problems.  Thus,  the 
entire  AN/ART-50  reliability  block  diagram  would  be  a series  connection  of  the  0-Level 
units  given  in  Figure  5-4.2. 

4-1.4  MATHEMATICAL  MODEL.  The  relaibility  of  each  0-Level  unit  (reliability  key 
number  in  Figure  5-4.2)  is  expressed  as 


R 


where  i is  the  ith  0-Level  and  n.  the  number  of  ith  units  used.  Thus,  the  reliability 
of  a WRA  is  the  product  of  the  reliabilities  of  the  0-Level  units  within  the  WRA.  For 
example,  the  reliability  of  WRA  1 is 


R 


WRA  1 


45 

TV 

i=Z8 


The  reliability  of  the  overall  system  may  be  expressed  as  a product  of  WRA  reliability 
or  as  a product  of  0-Level  unit  reliabilities,  i.e. 
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If  the  exponential  distribution  of  failure  rates  is  assumed  (constant  failure  rate), 
then 


R = EXP  f 

where is  failure  rate  of  the  ith  0-Level  unit  and  t is  the  mission  time.  Of  course, 
as  R,  t?ie  reliability,  is  probability  of  no  failures  at  or  prior  to  time  t,  1-R  is 
the  probability  of  one  or  more  failures  at  or  prior  to  time  t. 

4-1.5  COMPUTER  PROGRAM.  A program  to  determine  the  reliability  of  the  AN/ART-50 
using  equations  (3)  and  (4)  is  listed  in  Figure  5-A.l  in  Appendix  5A.  The  program 
is  written  in  BASIC  computer  language  and  can  be  used  on  any  system  accepting  this  lan- 
guage. Figure  shows  the  results  of  running  this  program  with  the  information  given 
in  Figure  5-4.3.  The  failure  rates  are  MIL-HDB-127  predictions  obtained  from  Reliabil- 
ity analysis  and  MTBF  prediction  for  Verdin  Digital  Data  Communications  System,  AN/URC- 
62  - Volume  I,  dated  9 July  1976. 


4-2  AN/WRR-7.  VLF  RECEIVER 


4-2.1  MISSION  DESCRIPTION.  The  AN/WRR-7  is  designed  to  be  fully  powered  through- 
out the  entire  mission  of  a patrol  submarine  (typically  up  to  90  days).  In  actual 
practice,  only  the  FTS  requires  continuous  power.  The  remainder  of  the  receiver  can 
be  powered  down  when  not  in  use.  Patrol  submarines  usually  carry  dual  AN/WRR-7  in- 
stallations and  probably  do  power  down  the  standby  system  to  reduce  heat  and  noise  in 
the  radio  room.  FRAP  data  shows  a duty  cycle  of  .443.  Repair  is  by  card  level  substi- 
tution from  a stock  of  ready  spares  carried  on  board.  No  box  level  (WRA)  spares  are 
carried. 

4-2.2  RELIABILITY  BLOCK  DIAGRAM  (WRA  LEVEL).  Figure  5-4.4  shows  the  WRA  level  reli- 
ability diagram  for  the  AN/WRR-7.  Each  block  is  a box  level  replaceable  unit.  The 
serial  chain  arrangement  indicates  that  all  five  boxes  must  function  for  a successful 
mission.  Since  operating  personnel  do  not  normally  substitute  at  the  WRA  level,  each 
box  must  be  represented  by  a submodel  which  represents  the  performance  of  the  WRA's  com- 
ponent modules  from  a reliability  view  point. 

4-2.3  RELIABILITY  BLOCK  DIAGRAM  (0-LEVEL).  As  with  the  AN/ART-50,  the  Power  Supply 
and  FTS  reliability  diagrams  serial  chains  of  replaceable  modules  or  cards.  The  Demod- 
ulator, likewise,  must  fully  function  for  a mission  success;  it  also  is  represented 
by  a serial  chain  diagram.  For  reasons  explained  in  Section  4-1.3,  the  processor 
model  is  assumed  to  be  a serial  chain.  The  receiver  (WRA#1)  model  is  clearly  a serial 
chain  except  for  the  BFO/audio  card,  which  is  strictly  a manual  tuning  aid.  However, 
this  card  is  tested  during  automated  diagnostics  and,  if  found  defective,  a shutdown 
for  replacement  would  probably  follow.  For  this  reason,  the  BFO/audio  card  is  in- 
cluded in  the  serial  chain.  Thus,  all  WRA's  have  serial  chain  reliability  diagrams 
and  are  themselves  connected  in  a serial  chain.  Therefore,  the  entire  AN/WRR-7  rel- 
iability block  diagram  would  be  a series  connection  after  0-level  units  given  in 
Figure  5-4.5. 
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4-2.5  COMPUTER  PROGRAM.  A program,  written  In  BASIC  language,  to  determine  the 
reliability  of  the  AN/WRR-7  Is  listed  In  Figure  5-A.2  In  Appendix  5A.  Figure  5-4.5 
shows  the  results  of  running  this  program  with  the  Information  given  in  Figure  5-4.5 
with  a full  duty  cycle.  The  failure  rates  and  MIL-HOB-217  predictions  obtained  In 
paragraph  4-1.5  as  described. 


AN/ART-50 
WRA  Model 
Figure  5-4.1 
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S-l  PKOIU.IM  IHUNll  ION. 

b-l.l  PKOlU  I M on  INU).  U)r  ttu*  purpose  ot  this  report,  d problem  is  cletineii  as 
d im)ilule,  part  or  assembly  spec  i t ied  MIUI  being  yredtt'r  the  I RAP  ()redicted  mean  at 
the  contidei\ce  level  (ttie  specified  Midi  beitu)  below  the  upper  hO;  ront  idetn  a* 
limit).  It  only  d sitigle  failure  is  observed  dnd  the  specified  Midi  is  so  large 
that  the  total  accumuldted  sample  time  is  not  at  least  ot  ttie  specified  Mini, 
that  single  failure  will  not  be  considered  a probletn  unless  tfiat  module,  (lart  or 
assembly  is  also  at  least  dbt  significant  on  a structm't*d  analysis  of  depot  data  |see 
Section  X). 

S-P  AN/ARl-f)0  PROliLIMS  OdSLRVLU. 

S-P.  1 Of  the  44  fdilui’c'S  observed  {.i/  corrective  actions,  some  with  multiple 
replacc'iiients ) , /O;.  involved  the  IIS.  Ifiese  .11  failures  are  not  rt'Sc>lvable  l>elow 
WRA  level  because  ITS  repair  at  VQ-4  is  an  1-level  task  and  the  I lt'vc‘1  facility 
was  not  included  in  the  I RAP  study,  liuring  the  period  of  the  I RAP  study,  the 
I RAP  sample  encompassed  an  estimated  liOt  ot  all  operational  AN/ARl-hO's.  Iheie 
tore,  depot  return  data  for  AN/ARI-bO  should  accuratt'ly  reflect  tlS  mcuiult*  level 
perfoi’iiiance  at  VQ-4,  i.e.  for  the  I RAP  sample.  Ihis  data  shows  the  Rutmdium  Va(ior 
I rec|uency  Reference  (RVIR)  as  the  highest  failure  module  in  the  Ms.  In  the  prc>blem 
impact  ranking  (see  10-P.l  for  a discussion  of  depot  data  problem  rankiiici),  live 
additional  IIS  modules  (4J‘t.  of  those  in  the  unit)  show  up  as  sicinificant  prot)lt>ms, 
i.e.,  fail  significantly  more  often  than  predicted.  While  this  mic|ht  t'c-  indicative 
of  an  overly  optimistic  reliability  prediction,  it  more  likely  indicates  that  the 
Ms  design  is  marcjinal  in  the  airborne  environment. 

b-P.P  The  processor  WRA  recorded  10  failures,  five  ot  which  were  sent  to  I-U'vt'l 
for  resolution.  Of  these  five,  four  are  not  resolvable  to  module  level.  I hc> 
fifth  was  sent  to  l-level  for  replactmient  of  bad  switches  and  lights.  Iwo  non- 
-resolvable  failures  listed  "will  not  load"  as  the  failure  sym(>tom.  At  the  present 
state  of  resolution,  no  significant  processor  problems  can  be  identified. 

b-J  AN/WRR-/  PROliLIMS  OliSlRVtO. 

b-J.l  Of  17  failures  observed  (lb  corrective  actions  with  two  cases  of  multiple 
replacements),  four  (24  ) involved  the  MS  and  seven  (41;)  involved  thi'  R-l/.i8/WR 
radio  receiver.  Roth  WRA's  met  MTlil  specifications.  No  significant  probltsiis  were 
identified  in  the  MS.  One  significant  protilem,  the  receiver  power  supply  module, 
was  identified  in  the  R-I/.Ul/WR  radio.  Ihree  power  supply  failures  plus  two 
occasions  ot  fuse  replacement  (a  prelude  to  power  supply  failure)  were  observed. 

Ihe  data  suggests  the  possibility  that  some  of  the  bMO  failures  may  be  induced  as 
secondary  failures  resulting  from  power  supply  degradation/fai lure. 


SiCTlON  VI  - CORRimVL  ACl  IONS 


6-1  AN/ARr-60. 

Iho  AN^ARl-bO  has  poU'iUlal  tor  siyniticdnt  reliability  yrowlh  it  t'1t»’i- 
tive  correitive  actions  are  taken.  Ihe  effects  of  various  corrective  actions  as 
illustrated  in  the  followiny  table. 


lAULl  b-6.1 


Ac  t i on 

No 

Projected 

1 xpec  ted 

ns 

RVt  R 

Hot 

Taken: 

Ac  t ion 

Ma  X 1 mum 

Maximum 

1 ix 

Only 

Sparc 

IMPROVIMINI 

FAC  1 OR 

1.0 

2.70 

1 . bb 

1 . JO 

1.18 

2 . 70 

IQim'MlNl 

MTITI  (Hours) 

168 

460 

260 

2 .14 

100 

41/ 

In  this  table. 

status  yuo 

is  taken  as 

"No  Action". 

Ihe  "P 

rojec  t ed 

Maximum" 

sumes  none  ot  the  modules  listed  on  lable  fi-10.1  has  been  subjected  to  pa',t  lorrec- 
tive  action  white  "ispected  Masimum"  and  those  to  the  riyht  retU'ct  an  t'stimate  ot  thi' 
impact  ot  past  correitive  actions.  Iti  all  cases,  it  is  assumed  that  any  corrective 
action  wilt  merely  restore  the  affected  module  to  the  oi-iyinally  pi-edicted  MIHI  . lor 
example,  the  "ITS  lix"  is  assumed  to  briny  the  ITS  MlUl  up  to  its  predicti'd  IJ40  hour 
MIBI  level.  Ihe  "RVTR  Only"  fix  is  the  current  retrofit  beiny  installed.  "Hot  Spare" 
is  a redundancy  arranyement  beituj  fitted  aboard  certain  aircraft.  It  nearly  totally 
removes  the  ITS  as  a potential  system  problem  (4J2y  hour  effective  MIRI  on  1.’ 
hour  missiot\s)  at  the  expense  of  doublii\y  I IS  module  return  rales.  None  oT  the 
corrective  actions  or  combinations  of  corrective  actions  examined  raise  the  MllU  to 
7S0  hours,  which  indicates  the  current  deslyn  will  not  reach  the  specitieo  eyuifmient 
MTRF.  At  the  current  level  of  performance,  of  all  12  hour  missions  art'  Mown 
without  an  AN/ARI-51)  failure.  The  hot  spare  llS  modification  will  mean  ot 

such  missions  can  be  flowtt  without  system  outaye.  lor  comfiari slon . of  such 

missions  would  have  been  flown  without  repair  if  the  AN/ARl-SO  performed  up  to  the 
7S(1  hour  Mini  specification.  Ihis  would  amount  to  seven  additional  no  outaye  missions 
per  year  as  compared  to  the  hot  spare  arranyement. 

0-2  AN/WRR-7. 

b-2.1  The  AN/WRR-7  Is  underyolny  reliability  yrowth  at  this  tiiiu'  as  evidenced  by  ttu' 
observed  failure  distribution,  a Wi'ibull  with  a beta  ot  0.416.  A system  with  a 
lonstant  failure  rate  has  a beta  ot  1.00,  wnich  is  the  familiar  exponential  or  "con- 
stant fuuard"  situation  usually  associated  with  electronics  hardware.  It  is  too 
soon  to  assess  the  ultimate  Impact  of  current  corrective  actions,  such  as  those  invol- 
vlny  the  Maynetic  Tape  Unit  (MTU),  except  to  note  that  the  observed  yrcwth  trend  must 
be  attributed  to  these  actions  since  the  system  has  been  deployed  lone,  enouyh  to  have 
passed  beyond  the  "infant  mortality"  staye. 


6-2.3  An  dir  filter  on  the  back  of  the  R-1738/WR  radio  receiver  is  difficult 
to  remove,  clean,  and  replace.  The  current  design  is  a polyfoam  material 
without  a rigid  frame.  Four  self-locking  nuts  must  be  removed  to  free  the  as- 
sembly. Considering  the  physical  location  anc  the  fact  tools  are  required  to 
remove/replace  the  filter,  a very  great  disincentive  exists  to  clean  the  filter 
regularly.  Although  FRAP  was  unable  to  positively  document  a cause/effect  re- 
lationship, it  is  strongly  suspected  that  filter  blockage  figures  prominently  in 
the  accerated  rate  of  Stable  Master  Oscillator  (SMO)  returns  observed  (see 
section  10-3.8  for  discussion  about  the  SMO).  Collins  has  designed  a slide-out 
rigid  frame  filter  that  can  be  easily  serviced  without  tools.  It  is  highly  re- 
commended that  this  assembly  be  made  available  to  AN/WRR-7  users  as  a field- 
installable  retrofit  kit. 


SECTION  VII  - COST  BENEFIT 


7-1  AN/ ART-50 

7-1.1  Considering  the  necessity  of  this  equipment  to  be  up  during  the  complete  12 
hour  mission,  the  most  realistic  cost  effective  improvement  appears  to  be  the  hot 
spare  as  discussed  in  paragraph  6-1,1  above.  As  the  ART-50  is  presently  meeting  its 
MIL-HDB-217  predicted  MTBF  of  169  hours  (See  Section  9-2),  improvement  of  a similar 
magnitude  by  other  means  would  be  much  more  costly. 

7-2  AN/WRR-7 

7-2.1  Figure  5-7.1  shows  the  effort  of  independent  improvement  of  maintainability, 
logistic  and  reliability  on  operational  availability  (MTBF/MTBF  + MDT)  of  the  WRR-7 
This  shows  a similar  magnitude  of  improvement  in  logistics  and  reliability  results 
in  the  same  operational  availability  improvement.  The  reliability  is  still  improv- 
ing as  evidenced  by  failure  rates  following  the  Weibull  distribution  with/fl=*  .416. 
However,  it  is  not  expected  to  double  the  present  estimated  MTBF  of  2432  hours.  When, 
a pair  of  the  WRR-7  are  used,  the  expected  system  MTBF  is  7296  hours,  a 3-fold  increase 
resulting  in  an  operational  availability  of  .956  with  the  present  down  time.  Then,  if 
the  present  MDT  were  reduced  by  a factor  of  4,  the  operational  availability  would  be 
.988.  This  reduction  in  down  time  should  not  be  too  costly  as  75%  of  the  total  down 
time  observed  in  the  FRAP  sample  was  due  to  one  maintenance  action  (See  paragraph  9-2.3). 


TABLE  5-7.1 

AN/WRR-7  OPERATIONAL  AVAILABILITY  IMPROVEMENT 

> MTBF/MTBF  + MOT 

MTBF  - 2432  dssuming  Wei  bull 
MTTR  » 2.3  assuming  exponential 
MOT  =•  336  assuming  Wei  bull 


RELIABILITY  IMPROVEMENT 


•^I 

MTBF 

MOT 

A 

0 

U 

1 

2432 

336 

.879 

.121 

2 

4864 

336 

.935 

.065 

4 

9728 

336 

.967 

.033 

10 

24,320 

336 

.986 

.014 

MAINTAINABILITY  IMPROVEMENT 

MTBF 

MTTR 

MOT 

U 

1 

2432 

2.3 

336 

.879 

.121 

2 

2432 

1 .15 

334.85 

.879 

.121 

4 

2492 

.575 

334.275 

.879 

.121 

10 

2432 

.23 

334.045 

.879 

.121 

LOGISTIC 

IMPROVEMENT 

fl 

MTBF 

MTTR 

MOT 

U 

1 

2432 

2.3 

336 

.879 

.121 

2 

2432 

2.3 

169.15 

.935 

.065 

4 

2432 

2,3 

85.725 

.966 

.034 

10 

2432 

2.3 

35.67 

.986 

.014 
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SKTION  Vlll  - sncil  ICAMON  RtgUI  Rt  Ml  NI S . 
lU  1 f ONTRAC 1 Sn  I' If  1 C A1 1 ON . 

vR-1.1  AN/AR1-50,  Air  spori  float  ion  AS-l.\t80  (AV).  SI'lCll  U'Al  ION  FOR  RAOIO  OROIU' 

AN/ARA(»),  datOil  6 March  IR7d.  statos  in  paragraph  "...  ’JiO  hours  of  wan 

(operating)  tiiiH'  hetwoen  failures..."  is  roguirod.  No  guantitative  MllR  values  are 
called  out  although  maintainability  enhancing  design  features  are  called  out. 

8-1.;)  AN,  WRR-7.  II.L\-R-1H11.  t'ONlRACl  SI'U'irU'AllON  VII  II  RAOIO  R1  ll  1 V 1 NO.  SM  . 
OlGllAl  OATA,  dated  .'4  September  1473.  states  in  section  3.3.^.  1 "Ihe  specified  wan 
time  between  failures  (Mli'.l  ) (Oo  as  defined  by  Mll,-S10-781 ' of  this  eguipment  shall 
be  1,000  houi's  for  the  receive  terminal  eguipment  (see  l.r*.!)".  Ihe  "reci'ive  ter- 
minal eguitmient"  is  now  nomenc latured  AN  WRR-7.  No  guantitative  MllR  values  are 
stated  although  maintainability  enhancing  design  teatui-es  are  called  out  and  the  re- 
guiriMiient  for  an  MllR  prediction  in  accordance  with  Ml  I -HnHR-47.'  is  called  out.  Ihe 
VtROlN  SHIP80AR0  MIAN  llMl  10  RLOAIR  I'RLOICTION,  dated  10  tebruary  H/l.  Oontract 
Number  N0003'J-70-0-1  S07,  slates  that  the  predicted  MIIR  at  0-Ievel  is  O.d.i'^  hours. 

8-.’  IN))0,RA111\  lOO.lSl  ICS  SUI'PORJ  HAN. 

8-.'.l  RlllAHUllf.  Ihe  Integrated  logistics  Support  Plan  tUM'l.  dated  August  1'>'4. 
states,  "The  specified  M«'an  lime  between  failures  (Mll.l  ^ for  the  AN  WRR-7  receiver... 
is  1,000  hours.  lh»‘  M18I  for  the  AN.  ARl-SO...  is  specified  at  7S0  hours". 

8-.'..’  MAI  NT  A1  NAIM  I 1 1 V . Ihe  llSP  goes  on  to  state,  "Ihi'  Mean  lime  to  Rt'pair  ^M1  Rl 
value  is  .3b  hours  for  A,  P>  ana  .bj  for  S/b  with  organ i rat  ional  level  maintenance 
limited  to  the  replacement  of  failed  printed  circuit  cards  and  wdular  assemblies". 

The  AN/ART-SO  is  considered  to  be  in  the  "A  8"  class  and  the  AN  WRR-7  is  in  the  "SO" 
class. 

8-3  O-UVI.l 

8-3.1  The  values  used  for  the  specified  0-level  reguirements  were  basuallv  obtained 
from  Reliability  Analysis  and  M18I  prediction  for  Verdin.  Oigital  Oata  Communi vat  ions 
System.  AN,' URC-bJ-Rev i sion  0.  Volume  1.  dated  vUily  HM.  ihese  failuri'  rates  are 
for  a temperature  of 


SECTION  IX  - FLEET  DATA  ANALYSIS 


9-1  DATA  COLLECTION. 

9-1.1  Data  in  the  FRAP  field  study  was  collected  by  interviews  with  operating 
and  maintenance  personnel  (inclusive  of  OPNAV  4790/60  Forms  from  VQ-4  squadron) 
and  by  mail  in  the  Form  of  copies  of  3H  OPNAV  4790/2K  forms  returned  using  pre- 
addressed envelopes.  To  allow  use  of  parametric  analysis,  FRAP  instructed  sample 
platforms  to  include  Elapsed  Time  Meter  (ETM)  readings  with  each  submission.  Num- 
erical data  was  encoded,  keypunched,  and  statistically  reduced  using  electronic 
digital  computers.  Data  from  interviews,  narrative  comments  on  the  3M  forms, 
and  information  from  failure  analysis  was  used  by  FRAP  reliability  engineers  to 
correlate,  interpret  and,  sometimes,  correct  data  submitted  by  the  Fleet. 

9-2  COMPUTER  ANALYSIS. 

9-2.1  RMA  ANALYSES.  These  analyses  and  the  computer  output  are  described  in  Appen- 
dix C of  Volume  7.  Basically,  the  computer  output  consists  of: 

(1)  Graphs  for  system  and  WRA  failure  and  repair  times  and  system  down  time 
showing: 

a.  The  fit  of  the  best-fitting  probability  distribution  to  FRAP  observed 

times. 

b.  The  fit  of  other  distributions  tried. 

(2)  Tabulation  of  observed  data  for  time-to-failure,  repair,  and  down  times. 

(3)  Observed  frequency  distributions  and  associated  goodness-of-fit  tests  and 
confidence  intervals  for  the  above  parameters. 

(4)  Confidence  intervals  on  the  0-Level  parts  which  failed  and  whether  these 
0-Level  parts  are  performing  in  the  Fleet  as  good  as  specified  (MIL-HDB-217  predic- 
tions). 

(5)  Summaries  of  2K  forms  where  problems  were  detected  in  either  failure  or 
repair  times. 

(6)  Values  for  inherent  and  observed  (predicted  operational)  availability. 

9-2.2  SUMMARY.  Table  5-9.1  summarizes  the  output  of  the  computer  runs  for  the 
AN/ ART-50  and  the  AN/WRR-7  contained  in  Appendix  5B. 

9-2.3  PARAMETER  ASSESSMENT.  Reliability  and  maintainability  estimated  parameters 
as  discussed  below: 

(1)  Reliability.  From  Table  5-9,1  it  can  be  seen  that  the  WRR-7  estimated 
operational  MTBF  exceeds  the  specified  value  of  1000  hours  whereas  the  ART-50  estimated 
operational  MTBF  meets  the  predicted  but  does  not  meet  the  specified  MTBF  at  the  801- 
confidence  level.  (Meeting  is  defined  as  being  within  the  given  confidence  interval). 
However,  as  specifications  are  generally  given  in  equipment  reliability  assuming  the 
exponential  distribution  the  effect  of  these  two  factors  must  be  considered. 


The  AN/ART-50  estimated  operational  MTBF  in  the  above  table  is  tor  an  ex- 
ponential distribution.  It  is  estimated  that  89*  of  the  failures  are  equipment  fail- 
ures (See  paragraph  10-1.4)  thus  the  estimated  equipment  reliability  is  169  hours 
(150  - .89),  which  is  still  much  less  than  the  specified  750  hours.  Problem  areas  of 
the  ART-50  are  discussed  in  paragraph  9-2.4  below. 

The  AN/WRR-7  estimated  operational  MTBF  in  the  above  table  is  for  an  Wei- 
bull  distribution  with  a decreasing  failure  rate  ((3=  .416).  Thus  the  mean  is 
changing  with  time  and  is  quite  variable  resulting  in  a wide  confidence  interval.  If 
the  exponential  is  assumed,  the  estimated  mean  in  1892  hours.  Then,  it  is  estimated 
that  79%  of  the  failures  are  equipment  failures,  thus  the  estimated  equipment 
MTBF  assuming  an  exponential  distribution  would  be  2350  hours  which  is  still  much 
above  the  specified  1000  hours. 

(2)  Maintainability  (Repair  Time).  The  ART-50  repair  time  follows  the  Weibull 
distribution  with  a .707  and  the  WRR-7  repair  time  follows  the  exponential  dis- 
tribution. It  can  be  seen  in  Table  5-9.1  that  the  lower  confidence  limit  is  much  larger 
than  the  specified  MTTR  for  the  ART-50  and  WRR-7,  thus  indicating  a problem  with  repair 
time.  However,  all  3-M  repair  times  are  recorded  to  the  nearest  hour,  including  time 
for  fault  isolation,  and  obtaining  on-board  repair  parts.  Also,  considering  the  Medians, 
50t  or  more  of  the  repair  times  are  estimated  to  be  below  two  hours.  Ihe  improvement 

of  these  repair  times  will  not  affect  the  operational  availability  significantly,  as 
is  shown  in  Section  VII. 

(3)  Maintainability  (Down  Time).  Down  time  is  defined  as  equipment  being  in  an 
inoperable  or  reduced  capability  state.  By  definition  and  mission,  the  AN  ARt-50 

is  always  up  during  its  mission  use.  However,  the  down  time  of  the  AN/WRR-7  follows 
the  Weibull  distribution  ((3=*  .2364)  with  an  estimated  mean  of  336  hours.  However. 

75%  of  the  total  down  time  was  due  to  a maintenance  action  on  one  submarine.  The 
effect  of  this  large  down  time  shows  up  in  the  gross  difference  between  the  median. 

2.2  hours,  and  the  mean.  Nevertheless,  considering  the  length  of  mission  of  sub- 
marines (60  days)  and  the  effect  on  operational  availability,  it  is  desired  to  elim- 
inate all  down  times  of  such  magnitude.  The  effect  of  improvement  in  down  time  upon 
availability  is  described  In  Section  VII. 

9-2.4  PROBLEM  AREAS.  Problem  areas  will  be  addressed  by  WRA  first.  Module 
level  problems  will  be  addressed  in  the  order  of  appearance  in  the  0-level  summary. 

(1)  AN/ART-50.  At  the  90%  confidence  level,  the  MTBF  of  WRA-5,  the  FIS.  is  not 
greater  than  294  hours.  This  is  nearly  1,000  hours  less  than  the  predicted  1240  hour 
MTBF,  indicating  a severe  problem  exists.  Of  the  observed  44  failures.  31  involved 
the  FTS  (one  of  the  six  WRA-4  999  failures  refers  to  an  FTS  replacement!.  Ihis  is 
70%  of  all  observed  AN/ART-50  failures.  Resolution  of  problems  below  WRA  level  is 
not  possible  because  AN/ART-50  users  in  the  FRAP  sample  considered  FTS  repair  to 

be  an  I-level  task.  No  other  significant  problems  were  identified. 

(2)  AN/WRR-7.  All  WRA's  meet  or  exceed  predictions.  The  only  significant 
0-level  problem  is  the  receiver  power  supply  module,  WRA-1  10.  Three  failures  were 
observed  with  two  additional  failures  (fuses)  being  related.  The  power  supply  is 
known  to  blow  fuses  with  increasing  frequency  before  total  failure.  This  problem 
is  known  to  have  surfaced  during  the  FRAP  study  period.  See  Section  10-3.6  for 
further  discussion. 
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TABLE  5-9.1 


ART-50 

WRR-7 

Total  Equipment  Calendar  Time 

5,541 

64,008 

Total  Equipment  Operating  Time 

25,344 

28,373 

Duty  Cycle 

.219 

.443 

No.  of  Operational  Failures 

37 

15 

Estimated  Operational  MTBF 

150 

2432 

80^  Confidence  Interval 

120-188 

0-4838 

Estimated  Median  TBF 

104 

351 

Specified  MTBF 

750 

1000 

Predicted  (MIL-HDB-217)  MTBF 

169 

334 

Estimated  Operational  MTTR 

4.0 

2.3 

80%  Confidence  Interval 

2. 9-5.2 

1.7-3. 2 

Estimated  Median  TTR 

2.0 

1.6 

Specified  MTTR 

.36 

.62 

Estimated  Operational  MOT 

. 

336 

80%  Confidence  Interval 

- 

0.1387 

Estimated  Median  DT 

- 

2.2 

Estimated  Mean  Operational  Availability 

- 

.809 

Estimated  Inherent  Availability 

.974 

.982 

Specified  Inhterent  Availability 

.9995 

.9994 

SECTION  X - DEPOT  DATA  ANALYSIS 


1 0-1  B^CKGROUNn. 

10-1.1  DATA  SOURCE.  The  AN/URC-62  family  of  VLF  communications  equipment  is  manu- 
factured by  Collins  Radio  Group,  a division  of  Rockwell  International.  Depot  level 
repair  for  Verdin  modules  and  mainframes  has  been  established  at  the  Collins  facility 
located  in  Newport  Beach,  California.  NAVELEX  has  contracted  with  Collins  Newport  to 
provide  engineering  support  services,  one  of  which  is  a monthly  report  by  a reliability 
engineer  that  contains,  among  other  things,  a computer  data  bank  printout  of 
repair  actions  sorted  by  module  part  number.*  This  report  and  especially  the  data 
listing  is  absolutely  invaluable  for  reliability  analysis.  The  data  is  timely, 
complete  and  of  superior  quality.  Data  from  the  March  1977  report  was  partitioned  into 
AN/ART-50  and  AN/WRR-7  returns.  Non-flying  AN/ART-50  users  and  non-shipboard 
AN/WRR-7  users  were  removed  from  the  data  base.  AN/URT-30  returns  were  likewise 
screened  out.  The  partitioned  repair  actions  were  then  tabulated  by  part  number  in 
preparation  for  statistical  analysis. 

10-1.2  STRUCTURED  ANALYSIS.  FRAP  has  developed  a failure  ranking  technique  useful 
for  locating  field  problems  as  evidenced  by  their  module  return  rates.  This  method 
takes  into  account  both  the  numbers  of  each  module  used  in  a system  and  the 
complexity  of  each  module.  A problem  is  evidenced  by  an  observed  return  rate  which 
is  significantly  larger  than  the  expected  return  rate.  To  measure  this  significance, 
a Poisson  Test  of  Means  is  used.  The  results  of  this  test  are  expressed  in  percent 
and  represent  the  probability  that  the  observed  return  rates  are  greater  than  the 
expected  return  rates.  In  FRAP,  95%  or  greater  probability  (significance)  was  used 
as  the  trigger  point  for  follow-up  study. 

10-1.3  Additional  calculations  were  performed  for  those  modules  identified  as  having 
95%  + significance  from  structured  anlaysis.  Using  the  projected  expected  return  rate, 
a calculation  was  performed  as  to  the  percentage  of  reduction  in  the  overall  return 
rate  that  would  have  resulted  had  the  module  demonstrated  the  predicted  MTBF.  This  re- 
duction is  the  maximum  that  can  reasonably  be  expected  of  this  design. 

10-1.4  VERIFICATION  RATIO.  To  assist  in  problem  isolation,  a verification  factor 
for  each  95%  + significant  module  was  calculated  using: 

V - (N^  + N2/2)/N 

where  N^  =■  Number  of  failures  confirmed  at  depot 
N^  =■  Number  of  non-conf i rmed  failures 
N =•  + N^  =•  Total  number  of  failures  reported  by  fleet 

aHon  states  that  there  is  an  even  chance  that  a non-conf i rmed  failure  did 
n the  Fleet  but  the  cause  was  not  discovered  at  depot  level  repair. 
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Report  for  Verdin  Field  Failure  Monitoring  Program",  data  item  COOJ  on 
c N00039-75-0082. 
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This  is  perhaps  somewhat  harsh  on  the  depot  test  facility,  but  depot  tests  are  in 
open  air  at  room  temperature  with  no  vibration  and  usually  on  simulation  jigs. 

Even  if  the  trouble  report  specifically  calls  out  a temperature  problem,  as  did  the 
SMO  module  serial  number  360  which  returned  to  depot  on  25  Mcy  1976  with  this  trouble 
report,  "SMO  OUT  OF  LOCK  LITE  WAS  ON  AT  50  DEG  C AND  GREATER  THAN  90  PERCENT  RH. 

AFTER  COOLING  DOWN,  LITE  WENT  OFF",  the  trouble  often  (as  in  this  case)  is  not  con- 
firmed. A verification  ratio  of  0.85-0.90  (20-30%  unconfirmed)  is  considered  aver- 
age. The  possible  values  range  from  0.50  for  no  confirmations  to  1.00  for  all  returns 
confirmed  as  failures.  Some  types  of  possible  problems  that  will  result  in  low  verifi- 
cation ratios  are:  Errors  in  tech  manuals,  BITE  design  faults,  misapplications,  ther- 
mal or  vibration  problems,  and  correlation  problems  between  module  test  jigs  and 
actual  system  operating  conditions. 

10-2  FINDINGS  FOR  AN/ART-50. 

10-2.1  AN/ART-50.  A total  of  158  modules  from  AN/ART-50  users  were  tabulated  and 
statistically  analyzed.  Seven  modules  indicated  a 95%  + significance.  They  will  be 
reviewed  in  the  order  of  projected  maximum  improvement,  i.e.,  the  ranking  order  of 
Table  5-10.1.  This  ranking  indicates  the  areas  of  greatest  potential  system 
improvement.  It  does  not  aduress  cost  effectiveness  nor  technical  feasibility. 

10-2.2  MAGNETIC  TAPE  UNIT  (MTU).  The  MTU,  part  number  771-4616-001,  was  a severe 
early  problem  in  the  Verdin  Processor.  The  module  is  a reel-to-reel  digital  tape 
recorder  using  two  servoed  motors  to  maintain  constant  tape  speed  and  tension  with- 
out using  a capstan.  These  motors  drive  the  takeup  reels  via  flat  belts.  The  entire 
assembly  is  enclosed  such  that  no  access  to  the  mechanics  or  electronics  of  the 
unit  is  possible  without  tools.  The  MTU  shows  100%  significance  on  42  returns  with 
a verification  ratio  of  0.88.  Early  units  suffered  from  two  problems  that  were 
related.  At  humidities  of  40%  or  more,  the  tape  became  sticky  and  adhered  to  the 
tape  guides  and  record/playback  head.  This  added  load  plus  a small  slipping  prob- 
lem overloaded  the  drive  motor  shaft/belt  interface  resulting  in  rapid  wear  of  the 
motor  shaft  friction  coating.  Once  the  coating  was  gone,  the  motors  could  not  start 
the  tape  fast  enough  to  allow  data  transfer.  A change  in  the  tape,  a different 
shaft  coating,  and  changes  in  the  tape  guides  have  removed  those  problems.  The 
effect  of  these  severe  problems  remain  in  the  depot  data  and  will  continue  to  remain 
for  some  time.  This  is  further  accented  by  a much  smaller  problem  concerning  the 
unexpectly  high  incidence  of  connector  damage.  MTU's  must  be  removed  from  non-ready 
status  aircraft  because  the  tape  contains  classified  data.  This  results  in  more 
handling  damage  than  was  projected.  Changes  in  installation  procedures  have  reduced 
the  rate  of  connector  breakage.  It  is  not  yet  possible  to  assess  the  effect  of 
these  changes  on  the  depot  return  rate. 

10-2.3  RUBIDIUM  VAPOR  FREQUENCY  REFERENCE  (RVFR).  The  RVFR,  part  number  617-6876- 
001,  is  the  heart  module  of  the  FTS.  It  contains  a lamp/filter  arrangement  which 
shines  light  through  a gas  cell  of  rubidium  vapor.  This  gas  cell  is  contained  in  a 
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microwave  cavity.  When  microwave  energy  of  a precise  frequency  (6.834813  GHz)  is 
present,  electrons  in  the  upper  ground  state  are  induced  to  drop  into  the  lower 
ground  state,  a transition  that  emits  a photon  of  microwave  energy.  Filtered 
light  optically  pumps  the  lower  ground  state  to  the  high  energy  state,  from  which 
electrons  fall  with  equal  probability  into  the  two  ground  states.  The  pumping  process 
absorbs  light  in  proportion  to  the  number  of  electrons  pumped.  With  microwave 
energy  of  the  correct  frequency  present,  the  number  of  pumped  electrons  roughly 
doubles.  A photocell  detects  the  resulting  drop  in  light  transmission  as  the  micro- 
wave  energy  hits  the  precisely  correct  pumping  frequency.  From  this  effect  an 
errx)r  voltage  is  created  that  controls  the  FTS.  The  RVFR  module  shows  lOOi.  signi- 
ficance on  25  returns  with  a verficiation  ratio  of  0.98.  The  FTS  was  designed  with 
the  intent  that  it  be  fully  powered  at  all  times.  In  aircraft  operation,  the  FTS  is 
powered  down  after  each  flight.  The  RVFR  stripline  microcircuit  is  being  literally 
torn  apart  by  thermal  stress  during  ON-OFF  cycling.  ECP's  to  address  this  problem 
have  been  developed  and  are  being  implemented.  No  reworked  RVFR  modules  were  in 
service  during  the  FRAP  study. 

10-2.4  MAGNETIC  CORE  MEt'IORY . The  core  module,  part  number  784-5626-001,  is  a 
part  of  the  processor  and,  like  the  MTU,  is  removed  from  non-ready  status  aircraft 
for  security  reasons.  Like  the  MTU,  the  core  module  is  suffering  primarily  from 
handling  damage.  The  core  module  contains  an  array  of  tiny  wires  strung  with 
doughnuts  (cores)  of  ferrite  material  such  that  a non-volatile  computer  memory  is 
formed.  The  core  stack  shows  1001  significance  on  11  returns  with  a verification 
ratio  of  0.88,  which  is  average.  This  indicates  that  the  BITE  testing  of  this  com- 
plex module  is  effective.  Like  the  MTU,  new  handling/installation  procedures  have 
been  implemented  to  reduce  physical  damage.  It  is  not  yet  possible  to  assess  the 
effect  of  these  procedures  on  depot  return  rates. 

10-2.5  R.F.  GENERATOR.  The  radio  frequency  generator,  part  number  606-9520-001, 
is  part  of  the  FTS.  The  generator  is  a 10  MHz  crystal  controlled  oscillator.  The 
error  signal  mentioned  in  the  RVFR  discussion  is  applied  to  this  assembly.  A varac- 
tor diode,  which  is  a voltage  controlled  capacitor,  slightly  alters  the  output  fre- 
quency in  response  to  the  error  signal  to  hold  the  generator  precisely  on  10  MHz. 

The  generator  module  shows  100%  significance  on  9 returns  with  „ 0.91  verification 
ratio.  No  pattern  of  failure  is  apparent.  From  the  verification  ratio,  it  appears 
that  the  module  is  not  being  returned  by  mistake,  but  is  actually  failing  to  perform 
in  the  field. 

10-2.6  FTS  POWER  SUPPLY.  The  FTS  power  supply  module,  part  number  606-9525-001, 
was  an  early  problem.  An  electrolytic  filter  capacitor  materials  problem  was  identi- 
fied and  corrected.  Modules  in  the  field  with  the  problem  capacitor  are  handled 
on  a replace-while-repaired  basis.  This  module  shows  99.96%  significance  on  9 
returns  with  a verification  ratio  of  1.00. 

10-2.7  SYNTHESIZER.  The  synthesizer  module,  part  number  606-9515-001,  is  part  of 
the  FTS.  It  receives  the  10  MHz  generated  by  the  R.F.  generator  and  creates  the 
various  output  frequencies  of  the  FTS.  It  also  creates  the  mixing  frequency  which 
forms  the  basis  for  the  microwave  excitation  energy  applied  to  the  RVFR  gas  cell. 
Synthesizer  modules  show  100%  significance  on  6 returns  with  a verification  ratio 
of  1.00.  No  pattern  of  failure  is  apparent. 

10-2.8  RB2  MODULE.  The  RB2  module,  part  number  784-3659-001,  is  a -5.2V  power 
supply.  It  shows  99.92%  significance  on  7 returns  with  a verification  ratio  of 
0.93.  The  RB2  module  was  an  early  problem  corrected  by  parts  changes,  specifically 


Q1  through  Q5.  Modules  in  the  field  are  handled  on  a replace-while-repaired  basis. 
Usually  the  reason  for  return  of  the  RB2  module  is  the  failure  of  the  parts  which  are 
to  be  retrofitted, 

10-3  FINDINGS  FOR  AN/WRR-7. 

10-3.1  AN/WRR-7.  A total  of  561  modules  from  AN/WRR-7  users  were  tabulated  and  stat- 
istically analyzed.  Fifteen  modules  indicated  a 95X  + significance.  They  will  be 
reivewed  in  the  order  of  projected  maximum  improvement,  i.e.  the  ranking  order  of 
Table  5-10.2.  This  ranking  indicates  the  areas  of  greatest  potential  improvement  and 
does  not  address  cost  effectiveness  or  technical  feasibility.  Since  many  Verdin  modules 
are  used  throughout  the  family,  certain  modules  are  used  in  the  AN/ART-50  and  are 
discussed  in  detail  there.  Such  modules  will  include  a reference  to  the  appropriate 
section  of  the  AN/ART-50  analysis  as  part  of  their  discussion. 

10-3.2  RB2  MODULE.  The  RB2  module,  part  number  784-3659-001,  is  a part  of  the  Verdin 
power  supply.  It  shows  100%  significance  on  50  returns  with  a verfiication  ratio  of 
1.00.  See  Section  10-2.8  for  discussion. 

10-3.3  BFO/AUDIO  MODULE.  The  Beat  Frequency  Oscillator/audio  module,  part  number  616- 
1760-001,  is  a part  of  the  R-1738/WR  radio  receiver.  This  module  is  a tuning  aid  for 
the  operator.  It  contains  an  oscillator  which  may  be  manually  adjusted  to  produce 
an  audio  tone  by  heterodyning  (beating)  against  the  received  signal  as  output  from  the 
I.F.  amplifier.  Such  an  arrangement  can  also  be  used  to  receive  continuous  wave  (C.W.) 
hand-keyed  Morse  Code  transmissions.  The  module  is  tested  during  system  self  test,  but 
the  BFO  adjustment  knob  must  be  set  at  a rotational  extreme  or  invalid  indications 
will  result.  The  BFO/audio  module  shows  100%  significance  on  38  returns  with  a verifica- 
tion of  0.70,  which  indicates  a factor  other  than  component  failure  is  operating.  It  is 
concluded  that  the  Fleet  users  believe  significant  ECP  action  has  been  enacted  on  the 
BFO/audio  module  and  that  they  should  return  their  modules  for  rework  and  updating. 

Once  the  module  supply  turns  over  so  that  all  are  updated,  this  "problem"  is  expected 
to  go  away. 

10-3.4  RUBIDIUM  VAPOR  FREQUENCY  REFERENCE.  The  RVFR  module,  part  number  617-6870-001, 
is  a part  of  the  FTS.  This  module  shows  100%  significance  on  50  returns  with  a verifi- 
cation ratio  of  0.98.  Refer  to  section  10-2.3  for  discussion. 

10-3,5  FTS  POWER  SUPPLY.  The  FTS  power  supply  module,  part  number  6-6-9525-001,  shows 
100%  significance  on  23  returns  with  a verification  ratio  of  0.98.  See  Section  10-2.6 
for  discussion. 

10-3.6  R-1738/WR  RECEIVER  POWER  SUPPLY.  The  power  supply  module,  part  number  616-1789- 
001,  is  a part  of  the  R-1738/WR  radio  set.  This  module  shows  a 100%  significance  on 
23  returns  with  a verification  ratio  of  0.96.  The  return  rate,  triple  the  7 returns 
expected,  and  the  high  verification  ratio  indicite  an  equipment  problem  exists  in 
the  module.  This  problem  developed  during  the  FRAP  study  period  and  first  became 
significant  on  depot  data  with  the  January  1977  report  when  it  showed  97.18%  signifi- 
cance. The  trend  indicates  the  problem  is  still  developing  and  no  estimate  of  its 
severity  is  possible  from  depot  data.  Collins  has  identified  two  failure  patterns 
which  are  likely  to  be  interrelated.  The  power  transformer,  T1 , is  failing,  probably 
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due  to  overload  from  failing  electrolytic  filter  capacitors.  These  capacitors  have 
been  identified  as  being  overloaded  with  regard  to  AC  ripple  current.  At  the  time 
this  module  was  designed,  no  ripple  current  specifications  had  been  developed  for  the 
capacitor  used.  An  ECP  is  being  prepared  at  this  time. 

10-3.7  PW5  MODULE.  The  PW5  module,  part  number  784-4186-001,  is  the  magnetic  tape 

interface  for  the  processor.  Class  1 ECP  No.  282R2  recalled  this  module  for  a retro- 
fit to  avoid  MTU  lockup  when  a power  drop  occurs  during  rewinding  of  the  MTU's  tape. 

The  verification  ratio  of  0,52,  nearly  the  lowest  possible,  shows  that  most  of  the  23 

returns  were  sent  back  for  modification  rather  than  repair. 

10-3.8  STABLE  MASTER  OSCILLATOR.  The  SMO  module,  part  number  792-6701-001,  is  part 
of  the  R-1738/WR  radio  receiver.  This  large,  complex  module  contains  28  of  the  total 
circuitry  in  the  R-1738/WR  radio  set.  the  SMO,  a 5 MHz  reference  signal  is  used  to 
control  the  generation  of  the  various  heterodyne  frequencies  needed  by  the  radio  for 
its  operation.  The  SMO  can  either  accept  an  external  5 MHz  signal  from  a source  such 
as  the  FTS  or  create  its  own  5 MHz  reference  from  a stabilized  internal  crystal  oscilla- 
tor, The  SMO  is  99.86*1;  significant  on  30  returns  (17  were  expected)  with  a verifica- 
tion ratio  of  0.93,  which  indicates  that  the  reason  for  return  is  actual  part  failure. 

10-3,9  MAGNETIC  CORE  MEMORY.  The  core  module,  part  number  784-5626-001,  is  a part  of 
the  processor.  This  module  contains  an  array  of  fine  wires  with  tiny  ferrite  doughnuts 
(cores)  strung  on  them  like  beads.  This  array  is  a non-volatile  computer  memory  for 
the  processor.  The  core  module  shows  100;.  significance  on  15  returns  with  a verifica- 
tion ratio  of  0.86.  Further,  6 of  the  13  returns  are  for  mechanical  damage  to  covers 
and  connectors,  clearly  a handling  related  problem.  The  returns  situation  resembles 
the  experience  of  the  AN/ART-50  users  except  that  their  verification  ratio  (0.88)  is 
higher.  AN/WRR-7  users  have  their  systems  in  a secure  area  and  have  no  need  to  pull 
and  replace  MTU's  and  core  stacks  as  do  airborne  Verdin  users.  The  reason  for  the 
similarity  between  the  shipboard  and  airborne  user's  experience  with  regard  to  hand- 
ling damage  is  unknown, 

10-3.10  SECOND  INTERMEDIATE  FREQUENCY  AMPLIFIER.  The  2nd  l.F.  amp  module,  part  number 
616-1829-001,  is  a part  of  the  R1738/WR  radio  set.  The  2nd  l.F.  amplifie\-  module  con- 
tains Noise  Reduction  Circuits  (NRC)  and  crystal  bandwidth  filters  in  addition  to  fixed 
gain  amplifier  stages.  This  module  shows  100%  significance  on  12  returns  with  a ver- 
ification ratio  of  0.86,  The  verification  ratio  is  in  the  expected  range  of  0.85-0.90, 
which  indicates  that  these  modules  are  being  returned  for  cause.  No  failure  pattern 
is  apparent. 

10-3,11  PW9  MODULE.  The  PW9  module,  part  number  784-4196-001,  is  a part  of  processor. 
It  is  also  called  a "fan-in  selector",  which  means  it  serves  to  select  which  of 
several  inputs  will  pass  into  the  processor.  This  module  is  100%  significant  on  9 
returns  with  a verification  ratio  of  0.63.  The  very  low  verification  ratio  and  the 
fact  that  all  reasons  for  return  as  listed  by  the  users  were  "repair"  indicates  that 
a problem  exists  in  the  system  test  procedure.  The  users  had  no  symptoms  to  report 
which  means  either  that  the  auto  diagnotics  called  the  module  out  as  faulty  or,  more 
likely,  the  user  suspected  the  module  and  could  not  prove  it  to  be  definitely  good 
or  definitely  defective. 


10-3.12  FREQUENCY  SHIFT  KEY  DETECTOR.  The  FSK  detector  module,  part  number  616-1730- 
001,  is  part  of  the  R-1738/WR  radio  set.  This  module  receives  the  output  of  the  2nd 
I.F.  amp  and  converts  It  Into  a single  channel  6V  polar  keyed  data  stream  suitable 
for  teletype  use.  The  FSK  detector  module  shows  a significance  of  99. 59%  on  8 
returns  with  a verification  ratio  of  0.75.  Three  of  the  returns  showed  mechanical 
damage;  none  of  the  returns  required  electronic  parts  replacement.  Confirmed  failures 
appear  to  be  of  the  type  expected  under  normal  wear  and  tear. 

10-3.13  R.F.  AMPLIFIER.  The  radio  frequency  amplifier,  part  number  797-3628-001,  is 
part  of  the  FTS.  This  module  amplifies  and  filters  the  outputs  of  the  synthesizer 
module,  and  originates  the  TIMING  FAULT  lamp  signal.  The  R.F.  amplifier  module 
shows  a 99.81%  significance  on  8 returns  with  a verification  ratio  of  0.94,  which 
indicates  that  the  unit  is  being  returned  for  cause.  No  failure  pattern  is  apparent. 

10-3.14  RADIO  FREQUENCY  GENERATOR.  The  R.F.  generator  is  part  of  the  FTS.  It  is 
98.09%  significant  on  11  returns  with  a verification  factor  of  0.80.  See  Section 
10-2.5  for  discussion. 

10-3.15  PK9  MODULE.  The  PK9  module,  part  number  784-4066-001,  is  part  of  the  demod- 
ulator. Also  known  as  the  amplitude  multiplier,  the  PK9  module  is  part  of  the  analog 
signal  processing  circuitry.  This  module  shows  99.05%  significance  on  6 returns  with 
a verification  ratio  of  0.80.  No  failure  pattern  is  apparent.  No  descriptive  symptoms 
were  reported. 

10-3.16  PF7  MODULE.  The  I’F7  module,  part  number  784-4006-001,  is  part  of  the  processor. 
Also  known  as  the  memory  timing  module,  PF7  works  with  the  core  stack  to  provide  the 
processor  a non-volite  memory.  This  module  shows  98.06%  significance  on  5 returns 
with  a verification  ratio  of  0.80.  In  3 cases  delay  line,  designator  DLl,  was  replaced, 
ihere  were  no  descriptive  symptoms  accompanying  the  returns. 

1 0-4  £Onclusions_  from  depot  data. 

10-4.1  AN/ART-50.  The  single  largest  problem  area  is  the  FTS  with  57;.  of  the  signifi- 
cant problems  listed  in  Table  5-10.1.  It  is  estimated  that  the  operational  MTDF  of  the 
system  could  be  raised  29%  to  194  hours  by  bringing  the  FTS  into  line  with  its  predicted 
reliability  performance  The  number  of  FTS  modules  with  significant  problems  pro- 
bably indicates  that  the  current  FTS  design  is  marginal  in  the  airborne  environment. 

10-4.2  AN/WRR-7.  The  R-1738/WR  radio  set  is  the  largest  current  system  problem  area. 

Ihe  presence  of  5 modules  on  the  significant  problem  listing  might  be  taken  as  an  indi- 
cation that  the  R-17J8/WR  is  being  operated  independently  of  the  remainder  of  the  sys- 
tem and  is  accumulating  a disproportionate  number  of  hours.  The  SMO  and  2nd  I.F.  amp 
modules  show  good  verification  ratios  with  no  pattern  of  failures.  The  power  supply 
and  FSK  detector  modules  show  patterns  which  account  for  their  accelerated  return 
rates.  The  BFO/audio  module  appears  to  be  a special  case  not  related  to  operating 
time.  Ihis  is  not  to  rule  out  the  possiblity  that  the  radio  set  is  run  while  the 
processor  and  so  forth  are  shut  down.  The  support  for  such  a theory,  however,  is  not 
present  in  this  depot  data. 


!>-;i4 


10-4.3  VERIFICATION  RATIOS.  Verification  ratios  (V)  and  number  (N)  on  which  it  is 
based  by  system  are  as  follows: 


TABLE  5-10.3 

SORT:  AN/ ART-50  AN/WRR-7  All  Verdin 

N 147  341  743 

V 0.80  0.79  0.83 

To  determine  the  impact  of  the  lack  of  Fleet  user  input  on  the  effectiveness  of 
depot  repairs,  the  following  tabulation  was  made; 

TABLE  5-10.4 

SORT:  Returns  w/o  Symptoms  Returns  w/Symptoms 

N 534  209 

V 0.80  0.88 

It  appears  that  depot  repair  effectiveness  can  be  increased  by  including  a descrip- 
tion of  trouble  symptoms  with  the  returned  module. 
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RELIABILITY  MODEL  COMPUTER  PROGRAMS 
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77-'03''14.  09.16.51 
PR06RRM  RRT50 


"SETUP  RRRRYS 


ZERO  l.tRR  RRRRY 


"ZERO  TOTRLIZER  VRRIRFLE 


PERD  FRILURE  RRTE  DRTR 
CmVERT  TD  DECIMRL 


SUM  BY  UPR 
SUM  FDR  SYSTEM 

"CRLC  SYSTEM  PEL 


160  REM  MODEL  FDR  RN.'RRT-5  0 
0010?  PRINT 

00110  PRINT" INPUT  MISSION  LENGTH  (IN  HOURS)  = 

00150  INPUT  T 
0015?  PRINT 

00130  DIM  R<  108.5>  .UK?> 

00140  FDR  1=1  TD  ? 

001?0  W(?>=0 
001??  R»1 
00160  NEXT  I 
00170  F0*0 
00180  RESTORE 
00190  FDR  1*1  TO  108 
00500  RERD  R.B-C.D 
00510  R(I .1>=B»C^1E-? 

00550  R(I»5>=D 
00530  IF  D*0  THEN  5?0 
00540  Ulv  D''=W<  DWP^  I . 1 > 

005?0  F0=F0^R( I .1 ^ 

005?1  REM  PLRCE  DISTRIBUTION  BELDU 
005?5  R1=EXP(-(R(I *1>#T>> 

005??  R*R^R1 
00560  NEXT  I 

00570  REM  EXPDtiENTIHL  DISTRIBUTION  IS  RSSUMED 
00580  FDR  1=1  TD  ? 

00590  W<I>*1'W<I>  CRLC.  WPR  MTBF 

00300  W<  I )=INT<  tO<  I > > "CROP  FDR  PRINTOUT 

00310  NEXT  I 

00350  M«LNT<1'F0>  CRLC.  SYSTEM  MTBF 

00330  PRINT“MERN  TIME  BETWEEN  FfllLUPES  BY  WPR  (IN  HOURS)" 

00340  PR INT "MDDULRTOR" » "POWER  SUPPLY"  . "CONTROL  BOX" » "PROCESSOR"  ! 
003?0  PRINT. "TIME  STD." 

00360  PRINT  W( 1 ) ,W(5) >W(3) .W(4) .W(5) 

00370  PRINT 

00380  PRINT"DVERRLL  SYSTEM  MTBF  = " IM 
00390  REM  DVEPRL  SYSTEM  RELIRBILITY  IS  IN  R 
00400  PRINT 

00410  PPINT"DVEPRLL  SYSTEM  RELIRBILITY  FDR  ";T!"  HOUR  MISSION  = 
00450  R=INT(1000*R)'^1000  CROP  FDR  PRINTOUT 

00430  PRINT  R 
00440  PRINT 
004?0  STOP 

0046  0 REM  D-LEVEL  FRILURE  PRTES  (IN  1 000  HOURS) 


00470 

REM  P«, 

FRILURE  RRTE. 

Nl 

00480 

DRTR 

1 . 

5.645. 

1 . 

00490 

DRTR 

5. 

5.508. 

3 . 

“k 

06500 

DRTR 

3. 

5 . 0?5 . 

5. 

U. 

00?10 

DRTR 

4. 

4.491  . 

3 . 

•"k 

L. 

00550 

DRTR 

?, 

5.611  . 

1 . 

I- 

00530 

DRTR 

6 . 

5.411  . 

1 . 

5 

00540 

DRTR 

7. 

5.060. 

1 . 

-» 
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E 


I 

f 

I 


00S50 

D«TR 

8. 

11.787. 

1 . 

2 

OHIO 

DATA 

64. 

2.657. 

3, 

4 

00560 

DRTR 

9. 

3.471 . 

1 . 

2 

01120 

DATA 

65. 

2.000, 

1 , 

4 

00570 

DATA 

10. 

6.486. 

1 . 

2 

01130 

DATA 

66  * 

1 .886. 

c « 

4 

00580 

DATA 

1 1 • 

3.095. 

1 . 

3 

01140 

DATA 

67. 

3.509. 

1 , 

4 

00590 

DATA 

12. 

4.053. 

1 . 

3 

01150 

DATA 

68 . 

3 . 099 . 

1 . 

4 

00600 

DATA 

13. 

4.490. 

1 . 

3 

01160 

DATA 

69  . 

3.758. 

1 , 

4 

00610 

DATA 

14. 

3.394. 

1 > 

3 

01170 

DATA 

70 . 

2.887. 

1 , 

4 

00620 

DATA 

15. 

3.390. 

1 . 

3 

01180 

DATA 

71  . 

1.711. 

1 , 

4 

00630 

DATA 

16. 

5.533. 

2. 

3 

01190 

DATA 

72. 

3 .656 . 

1 . 

4 

00640 

DATA 

17. 

6 • 463 . 

1 > 

3 

01200 

DATA 

73. 

3.789. 

1 , 

4 

00650 

DATA 

18. 

7 . 1 46  . 

1 . 

3 

01210 

DATA 

74  . 

1 .985. 

1 . 

4 

00660 

DATA 

19. 

2.889. 

1 . 

3 

01220 

DATA 

75  . 

0 

0, 

0 

00670 

DATA 

20. 

3.799  . 

1 . 

3 

01230 

DATA 

76  . 

3 . 828 .16. 

4 

00680 

DATA 

21  . 

t . C.6 1 . 

1 . 

3 

01240 

DATA 

77  . 

0 

0. 

0 

00690 

DATA 

22. 

3.428. 

1 . 

3 

01250 

DATA 

78  . 

3. 1'^o, 

1 , 

4 

00700 

DATA 

23. 

3.498  . 

1 . 

3 

01260 

DATA 

79 . 

3 . 7 3'5  . 

1 . 

4 

0071  0 

DATA 

24  . 

5.284. 

1 . 

3 

01270 

DATA 

8 0 . 

2.4  35. 

1 . 

4 

00720 

DATA 

25. 

5.574. 

1 . 

3 

0 1 28  0 

DATA 

81  . 

3 .S0^  . 

1 , 

4 

00730 

DATA 

26 . 

6 . 382 . 

1 . 

3 

01290 

DATA 

82. 

3.79'='. 

1 , 

4 

00740 

DATA 

27. 

17.202. 

1 . 

3 

01300 

DATA 

83 . 

3 . 586 . 

1 . 

4 

00750 

DATA 

28. 

3.735. 

1 . 

1 

01310 

DATA 

84  . 

3 . t'  1 6 . 

1 . 

4 

00760 

DATA 

29. 

4 .259. 

1 . 

1 

0 1 32  0 

DATA 

85 . 

3.968. 

2. 

4 

00770 

DATA 

30. 

3.853. 

1 . 

1 

01330 

DATA 

86  . 

2.592. 

1 , 

4 

0078  0 

DATA 

31  . 

3 . 788 . 

1 . 

1 

0 1 34  0 

DATA 

87 . 

1 .887. 

1 . 

4 

00790 

DATA 

32  . 

4.153. 

1 . 

1 

01350 

DATA 

88. 

3.990. 

1 . 

4 

00800 

DATA 

33 . 

4.318. 

1 . 

1 

01360 

DATA 

89. 

4.900. 

1 , 

4 

00810 

DATA 

34 . 

1 . 756  . 

1 . 

1 

01370 

DATA 

90. 

4.993. 

1 . 

4 

00820 

DATA 

35 . 

1 .838. 

1 . 

1 

01380 

DATA 

91  . 

3.219. 

1 . 

4 

00830 

DATA 

36. 

2.881 . 

1 . 

1 

01390 

DATA 

92. 

5.033, 

1 . 

4 

0084  0 

DATA 

37. 

25.4?8T-I  .- 

r 

01400 

DATA 

93 . 

26  .645 . 

1 , 

4 

00850 

DATA 

38. 

1 1 .786. 

1 . 

1 

01410 

DATA 

94  . 

8 . 000  , 

1 . 

00860 

DATA 

42. 

2.411. 

1 . 

1 

01420 

DATA 

95  . 

7.484  , 

1 , 

5 

00870 

DATA 

4 0 . 

3.297. 

1 . 

1 

01430 

DATA 

96  . 

7.235, 

1 , 

5 

00880 

DATA 

41  . 

2.834 . 

1 . 

1 

01440 

DATA 

97. 

1.182, 

1 . 

S 

00890 

DATA 

42. 

2.411. 

1 . 

C. 

01450 

DATA 

98. 

6.395 . 

1 . 

00900 

DATA 

43. 

2 . 052 . 

1 . 

1 

01460 

DATA 

QQ  , 

1.136, 

1 . 

5 

0091  0 

DATA 

44  . 

3.471 . 

1 . 

1 

01470 

DATA 

10  0. 

.675 . 

1 , 

5 

00920 

DATA 

45  . 

6.518. 

1 . 

1 

01480 

DATA 

101. 

3.926, 

1 , 

5 

00930 

DATA 

46  . 

4 .4'^!  . 

4 . 

1 

01490 

DATA 

102. 

8.106, 

1 , 

5 

0094  0 

DATA 

47 . 

0 . 

0. 

0 

01500 

DATA 

1 03. 

0.400 , 

1 , 

5 

00950 

DATA 

48. 

0 

0. 

0 

01510 

DATA 

1 04  . 

4 .2  38 . 

1 . 

5 

00960 

DATA 

49. 

0 

0. 

0 

01520 

DATA 

1 05  . 

11.197. 

1 , 

5 

0097  0 

DATA 

50. 

0 

0. 

0 

01530 

DATA 

1 06  . 

3.311. 

1 , 

5 

00980 

DATA 

51  . 

0 . 

0. 

0 

01540 

DATA 

1 07. 

5.981 , 

1 , 

5 

00990 

DATA 

52. 

0 . 

0. 

0 

01550 

DATA 

1 08 . 

7.383. 

1 . 

S 

01000 

DATA 

53 . 

0 

0. 

0 

READV 

. 

01010 

DATA 

54. 

0 . 

0. 

0 

01020 

DATA 

55 . 

0 

0. 

0 

01030 

DATA 

56 . 

0 . 

0. 

0 

01040 

DATA 

57. 

2.298. 

4 . 

4 

01050 

DATA 

58 . 

5 .657 . 

4 . 

4 

01  060 

DATA 

59 . 

2 .468 . 

8 . 

4 

01070 

DATA 

1 0 * 

3.154. 

1 . 

4 

01080 

DATA 

b I • 

3.159. 

1 . 

4 

01090 

DATA 

9 

1 .008. 

1 . 

4 

01100 

DATA 

6?P 

1 .515. 

1 . 

4 

Figure  5 

-A.l  (Continued) 
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LIST 

77^04^12.  19.58.51. 

W06P8H  URP7 

100  REM  MODEL  FDR  RM  WRR-7 

00109  PPIMT 

00110  PRINT- INPUT  MISSION  LENGTH  UN  DRYS''  = " ! 

00119  INPUT  T 
00150  T=T^54 
00159  PRINT 

001  30  DIM  P<  108.5)  .Mt  9'' 

00140  FDR  1=1  TO  9 
00150  l.K9''  = 0 

00159  P=1 

00160  NEXT  I 
00170  F0=0 
00180  RESTORE 
00190  FDR  1=1  TO  108 
00500  PERD  RS.BS.CS.B.C.D 
00510  P< I . 1 >=B^C#lE-9 
00550  R> I .5>*D 
00830  IF  D=0  THEN  590 
00540  UKD)=W<:D)+R(  I . 1 ) 

00590  F0=F0*R<I »1> 

00591  REM  PLRCE  DISTRIBUTION  BELOW 

00895  R1*EXP<-<:R<  I .1)»T)>  CRLC  SYSTEM  PEL. 

00593  REM  EXPONENT  I RL  DISTRIBUTION  IS  RSSUMED 

00595  P=P»P1 
00560  NEXT  I 
00580  FDR  1=1  TO  9 

00590  UKI>=1  MCI)  'CRLC.  URR  MTBF 

00300  W<:  I ) = INT<l.l<  I ) > CROP  FDR  PRINTOUT 

00310  NEXT  I 

00350  M=INT<:i'-F0)  CRLC.  SYSTEM  MTBF 

00330  PPINT-MERN  TIME  BETWEEN  FRILURES  BY  WRR  (IN  HOURS)" 

•0340  PRINT-RECEIVER- ."POWER  SUPPLY" . "DEMDDULRTDP" ."PROCESSOR" 5 
00390  PRINT.  "TIME  STD." 

00360  PRINT  W(  1 ) .W(5)  .W(3)  .W(4.)  .W(9'' 

00370  PRINT 

00380  PRINT-DVERRLL  SYSTEM  MTBF  = " JM 
00390  REM  DVEPRL  SYSTEM  PELIRBILITY  IS  IN  P 
J00400  PRINT 

'■^00410  PPINT"DVERfiLL  SYSTEM  PELIRBILITY  FDR  ";T  54;"  DRY  MISSION  = 
00450  P=INT(1000»R)  1000  CROP  FDR  PRINTOUT 

00430  PRINT  P 
00440  PRINT 
00450  STOP 


SETUP  RPRRYS 
ZERO  WRR  RRRRY 

■ZERO  TDTRLIZEP  VRRIRBLE 

CONVERT  TO  DECIMRL 

■SUM  BY  WRR 
SUM  FDR  SYSTEM 


Figure  5-A.2 
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I^EM  O-LEVEL  FAILURE  RRTES  Clh  v.-lOOO  HD)JRS> 
PEM  DESIG..  NRME.  P N . USEDf  FRILUPE  PRTE 
DRTR  "RE"  ."P.F.  RMPL  IF  lEP"  . "616- 162'5"  . 1 .5  . 


DRTR 

DRTR 

IRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 

DRTR 


"R3" ."FI PST  MIXER" ."616-1669" .1.1,180. 
"R4“. "FIRST  I.F.  RMPLIFIEP"  ."616-168'^" 
"R1  1"  ."SECDr,D  MIXER"  . "6 1 6- 1 7 1 0"  . 1 . 0 . 72 
"R9“  ."FSti  DETECTOR"  ."616-1730"  .1.1 .323 


"R19"."7.5  KHZ  RMPL IFIER" . "616-1 740" . 1 
"R7"."5  MHZ  SWITCH-^RMPLIFIER".  616-174 
"R12" . "BFO  RUDIO" . "6 1 6- 1 760"  . 1 . 0 . 1 0 1 . 1 
"R10"."RGC  DETECTOR  RMPL I F lER " . 6 1 6- 1 7 
"R8" ."RECEIVER  POWER  SUPPLY" . "6 1 6- 1 789 
"R1 " . " PROMT  PRMEL"  . "6 1 6- 1 65 1" . 1 .1  .618 . 
" " ."CHRSSI S COMPOMEMTS" . "792-6377" .1.3 
"R13"."SELF  CHECK  MIJL  T I PLEXER  " . " 6 1 6- 1 8 
"R14"  ."SELF  CHECK"  ."616-1820"  . 1 .0.'-‘37. 
"R5"."SEC0MD  I.F.  RMPL  I F I ER  " . " 6 1 6- 1 
""."FCD  FREOUEMCY  CDMTROL  ."616-I78n  . 
" " . "RF  I RSSEMFLV"  . "616-1624  .1  . n .4'^0 . 1 
"R6"  ."STRPILIZED  MRSTEP  DSC  . . 7'^2-670 

"TTY" . "TELETYPE  IMTERFRCE" . "784-5336  . 


"R14" ."SELF  CHECK" ."616-182 
"R5"."SECDMD  I.F.  RMPL IFIER 
""."FCD  FREOUEMCY  CDMTROL  . 
"" ."RFI  RSSEMFLY" ."616-1624 
"R6" ."STRPILIZED  MRSTEP  DSC 
"TTY" . "TELETYPE  IMTERFRCE". 


"FRML"  ."FLRCK  RMRLOG  I MTERFRCE " . " 784-5 
"KGEM"."KEY  GEMERRTOR  I MTERFRCE "." 784- 
"BDIG" ."FLRCK  DIGITRL  IMTERFRCE "." 784- 
"". "WIPED  FRCKCRP  RSSEMFLY"  . "784-76  1 1 •• 
" " . "FRCKFLRME" . "784-5244"  .1.0.531.3 
"PD9" . "WEIGHTIMG  FUMCTIDM  GEMERRTOR"." 
"PF9" ."TIME  PRSE  I " . " 784-4 0 1 0 " . 1 . 1 . 686 
"PG2"."TIME  PRSE  I I" . " 784-40 1 2 " . 1 . 1 . 76 
"PG3"."TIME  FRSE  I 1 1"  . "784-4014"  . 1 . 1 .6 


. URR  KEY' 

571.1 
1 

.1  . 0 .990 . 1 

4 . 1 

. 1 

. II  .4  05 . 1 
. 1 . 0 . 37r 

7 0 “ . 1 . 1 1 . 7 1 
. 1 . . 7 0 1’ 

1 

. .'45 . 1 

1 0 " . 1 . 0 . 5 ■ 

1 

■ .1.1.  ■ . 1 ' 

1.1.520.1 

1.1.8. 6c'‘ 

1 >1  .573. 
-■138  . 1 . 1 . f 

5 3411'  . 1 .2  , 

6444  . 1 . c. 

.1  .1  . ii  ' 1 . . 

784-3982" ■ 


i75 . 3 


"PF9","T1ME  FRSE  I" 
"PG2"."TIME  FRSE  II 
"PG3"."TIME  FRSE  II 
"PJ9"."RDC  CDMTROL" 
"PK2"."RDC  DETECTOR 
"PK3"."RDC  MULTIPLE 
"PK4" . "DIGITRL -RMRL 
"PK5" . "FIMRPY  RMD  T 


I "784-4012  " . 1 . 
■ , •784-4  014" . 1 
■784-4052" .1.1 
i "784-4054"  . 1 . 


. "RDC  DETECTOR"  . "784-4054" .1.1  .665 . 3 
."RDC  MULTIPLEXER" ."784-4056" . l .Z  . 127.3 
. "DIGITRL-RMRLDG  CDMVEPTER" . ' 784-4058" .1.1 
."FIMRPY  RMD  T I M I MG " . "784-4 06 0 " . 1 .2 . 74 3 . 3 


"PK  7" . "DETECTOR  F"  . "784-4  062"  .2.1  .969. 
"PKe" . "SYMCHPOMIZIMG" ."784-4064"  .1.1.3 
"PK9" ."RMPLITUDE  MULTIPLIER" ."784-4066 
"PL2"  ."DETECTOR  R"  ."784-4068"  .1.1  .'=•69. 
"PL3"  ."RESOLVER"  ."784-4070"  .2.2.20'=».3 
""."".'".0.0.0 

"PL7" ."REGISTER  TWO" ."784-4076"  .1.2.11 
"PL8" ."REGISTER  THREE" . "784-4078" . 1 .2. 
"PL9" ."REGISTER  FOUR"  ."784-4080"  .1.1.9 
"PM2" ."REGISTER  FIVE" ."784-4082"  .1.1.9 
"PI13"  ."REGISTER  SIX"  . "784-4084"  .1  .2.04 
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Figure  6-A.7  (Continued) 
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IWTR  “Pf14"  »“R€6ISTEIf  SEVEN “«•  704-4006"  . 1 .2 . 772  .3 

DRT0  • PW-f-WLRRN  P»<«SE  TWC"  f ••784-408e"  . 1 »2 .267  »3 

P0T0  ••»fB7"  . "CntiTPOL  Pt^SE  TWO"  * ■•784-5?34"  . 1 . 1 .833 . 3 

DRTR  ••RR5"  ."POWER  SUPPLY,  -25V"  784-3655  ",  1 .2 .234  .2 

PRTR  "RR7", "POWER  SUPPLY,  ♦ 1 5V " , " 784- 3656 " • 3 • 1 . 593 -2 

DRTR  "RRe","15  V FILTER" , "784-3657" ,2 , 1 .751 *2 

DRTR  "PR9"."LRMP  DP  I VER “ , " 784-3658"  , 4 « 3 . 1 4 1 ,2 

DRTR  "PE2" ."POWER  SUPPLY,  -5 .2V" . "784-3659" . 1 . 3 .454  ,2 

DRTR  "PF4"  . "POWER  SUPPLY,  -*-25V"  , " 784- 366 1 " , 1 . 1 . 947 . 2 

DRTR  "PV2". "POWER  SUPPLY  NON  I TOR " . " 784-4 1 66 " . 1 . 1 .255 .2 

DRTR  "PE?" , "BRTTERY  SOURCE " . "6 1 9- 0996 " . 1 . 5 . 39 1 . 2 

DRTR  "PC3" . "ERTTERY  CONVERTER" » "609-451 1"  • 1 .2 . 7 32  .2 

DRTR  "PJ7" ."RERD  WRITE  SW I TCH"  , " 784-4 048 " . 4 • 1 .277 . 4 

DRTR  "PE7" , "RERD  WRITE  DR I VER " . "784- 3992 " . 4 . 1 . 623 . 4 

DRTR  "PJ8" ."INHIFIT  DR  I VER " . " 784-4 05 0 " . 8 • 0 . 97 3 • 4 

DRTR  •■PN7"  . "WRI  TE  DR  I VER  " . " 784-4 1 04  " . 1 . I . 1 Ot. , 4 

DRTR  "PD8"."PERD  DR  I VER " . " 784- 3980"  . 1 . 1 . 1 29 . 4 

DRTR  "PD7" , "STROBE" ."784-3978"  . 1 .0.303.4 

DRTR  "PF7" . "MEMORY  T I MI  MG " . " 784-4 006 " . 1 . 0 . 8 08 . 4 

DRTR  "PE8" ."DIODE  EORRD" . "784-3994"  ,3  .2 .992 .4 

DRTR  "CORE" ."MRGNETIC  CORE  MEMORY" , "784-5626" . 1 ,2 . 0 .4 

DRTR  "PD5" ."SENSE  RMPL IFIER"  , "784-3976"  .2 . 1 . 097  .4 

DRTR  "8X2" . "MRJDRITY  CYCLE  CONTROL 784-4 1 94 ".  1 . 1 . 727 . 4 

DRTR  "8X5" ."MINORITY  CYCLE  C DNTROL "." 784-42 0 0 ".  1 . 1 . 476 . 4 

DRTR  "8X4" ."RERD  SENSE  CYCLE  CONTROL" , "784-4198" . 1 • 1 .869 .4 

DRTR  "PW7" ." INPUT  OUTPUT  CONTROL "," 784-4 1 88 ". 1 . 1 . 399 . 4 

DRTR  "PWR" ."INPUT  OUTPUT  SELECTOR" ."784-4192" <1  ,0.841  ,4 

DRTR  "PV7" ."PRPER  TAPE  RDRPTER  I " . " 784-4 1 74"  . 1 .2 . 002 . 4 

DRTR  ••PV5"  . "PRPER  TAPE  ADAPTER  1 1 " . "784-4172"  . 1 . 1 .892  ,4 

DRTR  "MTU" . "MAGNETIC  TAPE  UN I T " . " 77 1 -46 1 6 " . 1 . 1 4 . 39 0 .4 

DATA  "" .0,0.0 

DATA  "PY5","EIT  MEMORY" , "784-4214" . 16 . 1 .838 >4 
DATA  , (1 . (I , fl 

DATA  "PWe" , " INPUT  OUTPUT  FAN- IN" . "784-4190"  .1.1  .599.4 
DATA  "PY3". "PANEL  INTERFACE" , "784-421 0"  . 1 . 1 . 793  ,4 
DATA  "PY2" ." INSTRUCTION  DECODER"  . "784-4208"  . 1 . 1 . 1 73 .4 
DRTR  "PX9" . "TRANSFER  CONTROL  R"  . "784-4206" . 1 . 1 .861  .4 
DRTR  "PX8" . "TRANSFER  CONTROL  Z" , "784-4204" . 1 , 1 .833  .4 
DATA  "PX7" . "TRANSFER  CONTROL  F " . " 784-42 02 " . 1 « 1 . 734  . 4 
DATA  "PX3" ."TEST" ."784-4196" .1,1 .744.4 

DATA  "PY4"  ."COMPARATOR  ACCUMULATOR"  ."784-4212"  .2. 1 .89'^. 4 
DATA  "PV9"."MTR  SH I FT " . "784-4 1 78 " . 1 . 1 . 266  .4 
DATA  "PVe"."MTA  PEG  I STER" . " 784-4 1 76 " . 1 . 0 . 91 9 > 4 
DATA  "PW2"."MTA  TIMING"  . "784-4180" . 1 . 1 .970 .4 
DATA  "PW4" ."784-4184" .1 ,2.454.4 
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Figure  5-A.2  (Continued) 


.<■  pt-sT  QUAItT-i  mCTlC-ViUi 


09»e9  DftTrt  "Pws"  .••••  . ve^-^ieb"  .1  .a.5'32.4 

09090  DRTfl  ••PV4"  . "MODE  CONTROL  ’ . • 784 - 4 1 TO ' • 1 . 1 . 7^5 . 4 

09091  D9TP  "LDVR"  ."LRflP  DR  I VER  " • ' r84-48££  " . I . 8 . 90c  • 4 

09092  DRTR  " " . "ChRSS  I S W MOUNTED  COMPONENTS"  1 . =>,  1 68  • 4 

09093  DRTR  ■•R9","PF  VRPOR  FREO  . REF.  < RVFR  ^ . "c.  1 7-6876 " • 1 .8 . 0 .5 

09094  DRTR  "Rl" . "VOLT RGE  PE6ULRTDR " • " 797- 3632 " • I • I .oS4 . 5 
09099  DRTR  'R^"  . "SERVO  RMPL  IF  lER"  • •■797-3632"  •«  1 .3 .592 .9 

09096  DRTR  "R3"  • "SVNTHESIZER" - "606-9919" . 1 .4 .287 .9 

09097  DRTR  "R4".'P.F.  RMPL 1 F I ER ' • " 797-3628" . 1 . 1 . 1 34 • 9 

09098  DRTR  "R6"."R.F.  bENERRTQR" . "606-9920" • 1 .2 .802 ‘9 

09099  DRTR  "R?" . "THERMO  CONTROL "606-9927" . 1 .2  .894 *9 

09100  DRTR  "R8"  « "RUXILIRRY  R.F.  RMPL  IF  lER"  • "6  09- 1 376  " • 1 • 0 . 30t.  . 9 

09101  DRTR  "R9". "CLOCK  D I V I DER"  . "6 06-992 1 " • 1 • 3 . 779 • 9 

09102  DRTR  "R1 0" « "BRTTERY" . "606-9924" . I . 0 .2 .9 

09103  DRTR  "R1 1 "BRTTERY  CHRRRER" . "606-9923" • 1 . 1 . 090 *9 

09104  DRTR  "R12"'."FTS  POWER  SUPPLY"  . "606-9929"  . 1 . 3 .438 .9 
09  1 09  DRTR  " " . "CLOCK " , "6 1 7-6 1 94 " . 1 . 1 . 407 .9 

09106  DRTR  "R9R2‘ > "THERMO-ELEC . COOLER" « "606-9926" . 1 . 1 .927 . 

09107  DRTR  ”"t"CHRSSIS  W MOUNTED  COMPONENTS "606-99 1 3" • 1 • 

09108  END 


Figure  5-A.2  (Continued) 
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